Purpose Worldwide, the use of insulin pumps for the management of type 1 diabetes is increasing. There are no national or international published guidelines and few guidance recommendations detailing the education and training required to commence insulin pump therapy. The aim of this study is to describe current clinical practice regarding initiation of insulin pump therapy in children and adolescents with type 1 diabetes in New Zealand. Methods Pediatric diabetes nurse specialists from selected New Zealand hospitals (n = 16) were identified and invited to participate in this qualitative study. For those consenting, structured interviews were conducted. The questions covered basic hospital demographics and various aspects of insulin pump initiation including pump start planning, education, and aspects of follow-up and after-care. Results The response rate was 100% (16 out of 16 hospitals). Diabetes clinics interviewed varied in size from 50 to 450 pediatric patients and frequency of insulin pump use from 11% -46%. Clinical practice differed between clinics. Important differences related to: use of continuous glucose monitoring (12/16); and differing views on immediate vs. delayed use of pump advanced features. Location of pump starts also varied, with both in-patient (2/16) and out-patient (14/16) approaches seen. The motivations and beliefs relating to these various pump start approaches also varied. Conclusions Differences seen between hospitals reflected team preference, and possibly a lack of consensus/guidance from the medical literature. Lessons may be learnt and further rationalisation and improvement in education remains possible by combining and adopting strengths from different hospitals.
Following the findings of landmark studies such as the Diabetes Control and Complications Trial (DCCT) [1] the use of intensive insulin therapy has increased [2, 3] . Insulin pumps offer a number of potential advantages over multiple daily injections, including improved flexibility, improved quality of life, decrease in severe hypoglycaemic events and improvements in glycated haemoglobin levels (HbA1c) [4] [5] [6] [7] . However, insulin pump use also has disadvantages, with research now highlighting potential adverse events, such as pump or infusion-set failure, as well as cutaneous complications [8, 9] . Key conclusions from these papers on pump adverse events are that education and anticipatory guidance are important factors in improving the user experience and preventing serious potential complications [8, 10] .
Quality education and support to the patient and family have always been key aspects of type 1 diabetes mellitus (T1DM) management, and are likely to be as important for long-term diabetes success as intensive therapy and technology [3, 11] . For insulin pump therapy this is arguably even more important, as this technology often requires more initial training and ongoing support than traditional injection approaches [3, 12] .
Despite the obvious requirements for and benefits of appropriate training and support for insulin pump therapy, there are currently relatively few guidance recommendations and no published guidelines relating to insulin pump initiation, education, and training [13] . In addition, there are no published data describing exactly how pump education actually occurs in the real world.
In response to this, the aim of the study was to describe current clinical practice regarding initiation of insulin pump therapy in children and adolescents with type 1 diabetes in New Zealand.
Methods

Study design
A descriptive qualitative study design comprising structured interviews with pediatric diabetes nurse specialists (DNS) was used to explore how pediatric diabetes teams in New Zealand conduct insulin pump training. The structured interview schedule was determined from focus group discussions and interviews with various health professionals, including: pediatric endocrinologists, DNSs, an academic pharmacist, pediatric dieticians and an insulin pump company educator. This process also identified the DNS as the staff member most likely to be intimately involved in all practical aspects of insulin pump training.
The survey questions covered three themes as follows:
1. Pre-pump start preparation and planning, covering demographic aspects of the hospital, aspects of preparation for initiating pump therapy including: selection criteria, pump and infusion set choices, carbohydrate counting preparation, and funding. 2. Training and education days, including questions relating to activities and education carried out during pump initiation. 3. Post education monitoring and follow up, including questions pertaining to monitoring of the patient in the initial period post commencement (including the use of the Continuous glucose monitoring System (CGMS)), and ongoing education and emergency contacts.
Study setting and participants
The study was conducted from February 2016 to April 2016. Selection of study sites involved consultation with the 
Data collection and analysis
Interviews were conducted by the first author. All interviews were digitally recorded and transcribed. For analysis and presentation, interview results were ordered into three sections corresponding to the three themes of the structured interview. These individual responses were then examined and compared, with responses presented as descriptive data, and descriptive comparisons made of current practice within New Zealand. Ethical approval for this project was granted through the University of Otago, New Zealand, Human Ethics Committee (reference number D16/057), in accordance with the Declaration of Helsinki.
Results
In total, a DNS from 16 out of 16 (100%) public hospitals approached agreed to participate. Interviews lasted a median time of 48 min (range 25-70 min).
Pre-pump start preparation and planning
In 9/16 New Zealand hospitals there was a strong drive to commence younger patients on insulin pumps -but no specific restrictions for access, other than, the requirement to fulfil government criteria for public finding [14] . The criteria used to prioritise patients were largely similar between centres in New Zealand. Such factors included the patient's age, variation in blood glucose level, frequency of hypoglycaemia and an understanding of the amount of monitoring and dose adjusting that needs to be done when on insulin pump therapy.
A common factor reported was the belief that the individual patient must want the pump, with the view that this had a strong influence on the subsequent success.
The following quotes highlight these findings:
BThe child also wanting to be on the pump, we take that very seriously as well because we think if the child doesn't tolerate the pump, then it is probably not going to be something that is going to work well anyway^-DNS Centre G BIt doesn't just need to be based on HbA1C but also based on quality of life that is just as valid as whether it is going to improve their HbA1C^-DNS Centre N As seen in Table 1 , a preference for Animas™ brand pumps was found. Multiple participants stated that the factors which influenced their centre pump preference were team experience, the company having a well-structured pump training program, excellent provision of resources, and high quality 24-h patient support highlighted by multiple responders. Some hospitals stated that brand recommendations would differ based on patient characteristics e.g. a larger/older patient might be recommended a Medtronic™ pump due to the larger insulin reservoir (3 ml vs 2 ml in Animas™).
Training and education days
A range of pump start activities and education strategies were identified for the initiation of pump use. The range in total duration was a notable issue, as well as the extent of in-vs out-patient education. The majority of hospitals' formal pump training sessions spanned two working days (total duration of contact time 6-21 h, median 13.5 h), and in 14/16 (88%) all training was conducted as out-patient day cases .
The method of transition from multiple daily injection (MDI) insulin to the insulin pump also varied, and depended on when the long acting insulin was given, 10/16 hospitals would recommend stopping the long acting dose the night before. 3/16 hospitals still gave the long acting dose the night before pump start, with 2 of these recommending a 20-50% reduction in the dose. Another 3/16 New Zealand hospitals recommended a 24 h washout of the long acting insulin prior to the pump start session, utilising rapid acting insulin only on an as needed basis ( Table 2) .
The introduction of the use of pump Bsmart features^also demonstrated polarised views with both immediate and delayed use seen with 50% of teams starting these immediately (often giving safety and simplicity as reasons). In contrast the remaining 50% delayed use, again also quoting safety as a reason, and the perception that it was important for patients and their families to be able to calculate and demonstrate proficiency in manual insulin calculations before using automation. The following quote represents this perception:
BWe find that as soon as you turn on the smart features people become very reliant on them and it's about that logic and can they actually manually work things out if they need to because we think that is actually really important^-DNS Centre A
Post education monitoring and follow up
As shown in Tables 3, 12/16 centres interviewed provided CGMS for up to two weeks post initiation of pump therapy. The CGMS device was usually funded by the individual DHBs rather than the individual with diabetes, or the insulin pump company.
CGMS, Continuous Glucose Monitoring System. It was found that how often CGMS and blood glucose records (for the purposes of insulin adjustment and safety) were reviewed varied between hospitals, with once daily review of records dominant (12/16), then twice daily (1/16), twice weekly (1/16), every 2 days (1/16) or once weekly (1/16).
All hospitals interviewed stated that the patient was referred to the company representative/phone support for any technical issues relating to the pump. In terms of clinical issues there was variability in the extent of support provided to patients. Regarding support after hours during out-patient pump starts, 8/16 hospitals had a DNS officially Bon-callf or the patient's clinical queries and 1/16 hospital had a DNS 
Discussion
This is the first study to specifically investigate current insulin pump initiation with regard to education and training. The findings highlight variation in pump education practice within New Zealand. A lack of guidance and evidence base from the medical literature likely contributes to this variation. In addition, variations on resourcing, as well as the motivations and beliefs expressed relating to these various pump start approaches also varied, demonstrating team preference and differing interpretations of the available literature. This sort of variation in clinical paediatric diabetes practice has been observed in other core aspects of care such as insulin regimen decisions at new diagnosis and beyond [15, 16] .
The results obtained in this study show that the majority of teams in New Zealand have moved away from inpatient insulin pump initiation. Anecdotally variation between in-and outpatient pump initiation is seen around the world. Other than cost saving, a major motivation for conducting insulin pump starts in the outpatient setting was an effort to maintain the patient as close to their own environment as possible, including eating their usual food and doing their usual day to day activities, all factors that may give a better representation of patient routine, glycaemic control, and glucose variability throughout the day [17] . Furthermore, with the availability of CGMS it has become easier for patient monitoring to be achieved safely at home (as utilised by teams in our results), and insulin doses rapidly adjusted in response. No data currently exists regarding safety of the approaches described in this work. However, outpatient practice was anecdotally reported as safe, and would be in line with the current practice of some hospitals to conduct general education of newly diagnosed diabetes patients in an outpatient setting, with no hospitalisation occurring at all [15] . With regards insulin pump smart features, the impact of delayed use and its overall contribution to safety is unknown, but it has been found that many patients using insulin pumps find manually calculating bolus insulin doses challenging [18] . Difficulties with calculating bolus doses may lead the patient to administer fixed bolus doses or even adopt a carbohydrate restricted diet [18] . In a study of 104 participants, which compared the use of smart features with manual calculation of insulin doses, an error rate of 63% was seen when insulin doses were calculated manually, which ultimately affected glycaemic control and efficacy of the insulin pump therapy [18] . All of the above factors would suggest early initiation of smart features may offer a safety advantage, and should certainly be considered.
Finally, a common theme stated by participants was that patients and their families tend to be given a lot of new information during these short pump education sessions. This is important to bear in mind, as like any other device, insulin pumps are prone to incorrect use as well as forgotten concepts. This can lead to adverse events and potentially impact glycaemic control. It is therefore interesting that refresher education was either ad-hoc or not done at all for all participating centres. This goes against current recommendations which suggest opportunistic refresher education should occur when switching from one model insulin pump to another or for any pump upgrade, as well as periodically for all patients and caregivers utilising pump therapy to ensure both safe and optimal use [19] .
Strengths of this study are: 1) the use of in-depth structured interviews, allowing a greater depth and quality to the information regarding current practice collected, and the clarification of subtle variations seen; and 2) the high response rate, where a 100% response was achieved for the selected paediatric teams. There are also a number of limitations. Only one DNS from each team was interviewed with their responses taken as representative of their hospital practice, therefore the data collected may contain errors due to recall bias. In addition, only a publicly funded model of care is examined, as this is the only model available in New Zealand. Finally, our data is unable to provide concrete recommendations on the various approaches used. Nor can it provide information on patient outcomes of these different approaches.
Conclusion
In conclusion, variations in practice exist within New Zealand hospitals with respect to core aspects of insulin pump education and support. This lack of consistency between hospitals likely reflects individual clinician opinion, as well as a lack of consensus/guidance from the medical literature. Further rationalisation and improvement in education approaches is likely possible by combining and adopting strengths from these different hospital approaches. This may be applicable not only in New Zealand but to the wider international community. Further research is needed to explore outcomes such as safety, glycaemic control, and patient satisfaction resulting from these differing educational approaches.
